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Membrane structures with thermo-regulating properties 
Abstract 

The energy efficiency of buildings with membiane roof constiuctions is generally low due to the 
lack in sufficient thermal insulation capabilities. The problem can be solved by using phase 
change materia] (PCM). PCM is a highly productive thennal storage medium, which can be used 
in a membrane stnictuie to absorb heat during the day and release the stored heat overnight. This 
thenno*regulating effect lead to an improved thermal management of such building structures. 
The PCM is incoiporated in a silicone rubber matrix and then coated on a polyester fabric or a 
fiber glass fiibric which are commonly used for membrane structures. The membrane structures 
with PCM possess high latent heat storage capacities. They satisfy the necessary mechanical and 
fire resistant requirements. The light transmission through the membrane structures is Ugh, but 
varies with the membranes temperature. 

Introduction 

Membrane materials used for roof structures of buildings provide a relatively low thermal 
insulation capaci^ compared to the classic building materials. Therefore, a large amount of heat 
penetrates daily through such roof structures into the building especisdly during the summer 
months leading to an overheating of the buildings interior. On the other side, the nightly heat loss 
through such roof constructions, specifically during die winter months, is significantly high. 

The problem can be solved by using newly-developed membrane materials with thermo- 
regulating properties. The thermo-regulation properties of these membrane materials are obtained 
by the application of phase change material (PCM) - a highly productive thermal storage medium. 

Phase change material (PCM) 

Phase Change Material (PCM) possesses the ability to change its physical state within a certain 
temperature range. When the melting temperature is obtained in a heating process, the phase 
change fiom the solid to the liquid state occurs. During this melting process the PCM absorbs and 
stores a large amount of latent heat The temperature of the PCM and its surroundings remains 
neariy constant during the entire process. During the cooling process of the PCM, the stored heat 
is released into the environment in a certain temperature range, and a reverse phase change fiom 
the liquid to the solid state takes place. During this crystallization process, the temperature of the 
PCM and its surroundings remains also constant. 

hi order to compare the amount of latent heat absorbed by a PCM during the actual phase change 
with the amount of sensible heat in an ordinary heating process, the ice-water phase change 
process will be used for comparison. When ice melts, it absorbs an amount of latent heat of 
about 335 J/g. When the water is fiirther heated, it absorbs a sensible heat of only 4J/g while its 
temperature rises by one degree Celsius. Therefore, the latent heat absorption during the phase 
change fiom ice into water is nearly 1 00 times higher than the sensible heat absorption during the 
heating process of water outside the phase change temperature range. 
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In addition to ice (water), more than 500 natural and synthetic PCMs, such as parafSns, salt 
hydrates, metallics or salt eutectics are known. These materials differ fiom one another in their 
phase change lempeiature ranges and their latent heat storage capacities. 

Thermal benefits 

A major benefit of the PCM application in membrane materials is the improvement in their 
theranal perforaiance which has a significant influence on the themial management of the entire 
building. In its roof apphcation, the PCM starts to absorb the heat provided by the solar radiation 
during the day as soon as the membrane material's temperature exceeds a given value. During the 
heat absorption by the PCM, its temperature and the temperature of the surrounding membrane 
material remains neariy constant Therefi)re, the heat absorption by the PCM reduces the heat flux 
into the building during the day. EspeciaUy on hot summer days, the thermal comfort inside the 
building will be enhanced significantly as a result of the PCM's heat absorption feature. The 
PCM releases the stored heat overnight in a reverse cooling process, which also reduces the heat 
flux throi^h the membrane structure and, therefore, results in a significant reduction of the 
nightly heat loss through the roof. Applying PCM to the building's envelope, die overall heating 
and air-conditioning demands of flie filcility will decrease and the construction becomes more 
energy efficient. 

Based on the improved thermal performance of the membrane structure by the PCM application, 
changes fit>m multi-layer membrane roof construction to single layer membrane roof 
constructions could be taken into consideration in some circumstances. This would result in 
substantial material savings. 

Another benefit arising fiom the PCM application in membrane structures is the expectation of a 
significant delay in the materials aging process. The material aging is usually accelerated by high 
material temperatures and significant temperature fluctuations. Reducing the temperature increase 
in the afternoon and minimizing the daily temperature fluctuations, therefore, will enhance the 
service lifetime of membrane construction substantially. 

Product design 

In a membrane application, the PCM needs to be property contained in order to prevent 
dissolution vMe in its liquid state. Altiiou^ PCMs are often dfficult to contain, silicone rubber 
was found to be an ^propriate carrier system. Manufecturing the membrane material with 
thermo-regulating properties, the PCM is first mixed into the components which create the 
silicone rubber matrix. Liquid silicone rubber ELASTOSDL RT 625 is a proper silicone rubber 
matrix the PCM can be easily mixed into. In die next step, the system is cured and then topically 
applied to a suitable basic membrane material such as a polyester &bric or fiber glass &bric by 
loiife coating. In order to receive a proper adhesion silicone primer P-80 needs to be applied to 
the polyester basic Mmc before the coating. The drying process should be carried out at about 
SO ^C. die drying process takes about one hour. In order to cormect two of such membrane 
materials to each other they may bonded by means of glue. 

Temperature measurements in membrane constructions were carried out in order to investigate 
the temperature range in which the PCM should absorb heat The q)propriate temperature range 
for die latent heat absorption of die PCM was determined to be about 30 ^C to 45 ""C. 
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Considering this temperature range, a PCM was selected which absoibs latent heat in a 
temperatuie range between 30 X and 39 X and releases heat in a temperature range between 
IS^ and 20 The chosen PCM is a non-combustible salt hydrate which possess a high latent 
heat storage capacity of about 230 J/g. 

Discussion of test results 

The membrane materials summarized in Table 1 have been tested regarding their thermal 
insulation propeities. The test results are summarized in Table 2. The basic thermal resistance 
characterizes die thermal resistance value of the specific membrane material. The heat absorption 
of the PCM, which takes place when a certain temperature is obtained in a heating process, leads 
to a temporary decrease in the heat flux through the membrane material causing an additional 
insulation effect, called ''dynamic thermal resistance"". The total thermal resistance of a 
membrane material equipped with PCM is the sum of the material's basic thermal resistance and 
the dynamic theraial resistance by heat absorption of the PCM. For membrane materials without 
PCM the total thermal resistance equals the material's basic thennal resistance. 



Table 2: Thennal insulation properties of selected membrane materials 



Membrane material 


Basic 
thennal 
resistance, 
m»K/W 


Dynamic thermal 
resistance by heat 
absorption of the PCM, 
mlC/W 


Total 
thermal 
resistance, 
mlC/W 


PES/PVC 


0.0073 




0.0073 


Fiber glass/silicone 


O.00S4 




0.0054 


Fiber glass/silicone rubber 
with PCM 


0.0096 


0.0230 


0.0326 



Ordinary membrane materials such as PVC coated polyester fiibrics and silicone coated fiber 
glass fiibrics possess only a low thermal resistance due to their low thickness and high density. 
The comparatively higher thickness and lower density of the fiber glass febric with the silicone 
rubber/PCM coating on one side leads to a slightly higher basic thermal resistance of this 
membrane material. However, the heat absorption by the PCM during the day provides an 
additional (dynamic) thennal resistance which results in a temporary increase of die material's 
total thennal resistance of about 140 %. 

The daily heat absorption and the nightly heat emission of the PCM limit the heat flux into and 
out of a building covered with an membrane roof to which PCM is applied. A comparison test 
was carried out using two model buildings. One of the model buildings was equipped with a roof 
structure made of a PVC coated polyester &bric. The roof of the second model building 
consisted of a silicone mbber/PCM coated fib^ glass &bric. In both test configurations only a 
single layer membrane construction was used. Temperature measurements were carried out in a 
similar distance underneath the two membrane structures. The temperature developments 
obtained for the two model buildings on the same day are shown in Figure 1 . 



The test results, shown in Figure 1, indicate that there is a substantia] delay in the temperature 
increase during the day due to the heat absorption by the PCM. The results are temperature 
diflfeiences of up to 9 K between the two buildings. Furthemiore, there is also a delay in the 
temperature decrease overnight due to the heat release of the PCM. However, the test results 
indicate that the membrane material in its current makeup especially supports the heat absorption 
process by the PCM. The overall daily temperature fluctuations measured under the specific 
climatic conditions were reduced by about 8.S K due to the thermo-regutating process of the 
PCM. 

The newly-developed membnuie nnaterials show interesting features regarding light transmission. 
Their translucencies change in the course of the day. The silicone rubber layer with the PCM 
becomes transparent as soon as the PCM is completely melted. On the other side, when the 
PCM crystallizes the silicone rubber layer with the PCM becomes opaque. 

The li^t transmission of a PVC coated polyester &bric, a silicone coated fiber glass fitbric, and a 
silicone rubber with PCM coated fiber glass fid>ric has been tested. The test results are 
summarized in Table 3. 



Table 3: Light transmission of the selected membrane materials 



Membrane material 


Tianslucency, 
% 


PES/PVC 


5 


Fibeiglass/silicone 


23 


Fibeiglass/sOicone rubber 
with PCM 


54 (PCM in liquid state) 
39 (PCM in solid state) 



The test results indicate that the tianslucency of the newly-developed membrane material exceeds 
the translucency of the membrane made of a PVC coated polyester &bric and a silicone coated 
fiber glass febric significantly. The difierence in the light transmission between the two states of 
the PCM incorporated into die silicone rubber which is coated onto the fiber glass fi&bric totals 
15%. Similar results respective the silicone rubber with PCM coated fiber glass fsbnc were 
received fi^r a polyester fabric which was coated with silicone rubber with PCM. 

Other features of the newly-developed membranes consisting of fiber glass coated with silicone 
rubber with PCM are very similar to those of membranes made of siUcone coated fiber glass. 
These features are: 

- Tenq)eiature resistance between -SO ^C and 200 ^C, 

- Non-combustible (flammability class A2), 

- Dirt repellency (self cleaning during rain), 

- Durable elasticity^ 

- High tensile strength, 

- High dimensional stability. 



Resistant to a variety of chemicalSt 



• Resistant to weathering and aging. 

The aging feature of the newly-developed membrane material is expected to be even improved 
compared to oidinaiy silicone coated fiber glass fabrics as a result of the improved tbemial 
management 

CoQchisioiis 

The newly-developed membrane materials with PCM incorporated into a silicone rubber matrix 
and topically applied to a basic fabric usually used for architectural membranes ofifer a unique set 
of improv^ thermal performance c^)abilities previously unattainable in an architectural 
membrane &bric. These capabilities will enable a substantially improvement of the thermal 
management ofbuildings witfi membrane enclosures. The enhanced thermal management reduces 
the buildings air-conditioning and heating demands, and, therefore, makes the building more 
energy eflScient In addition, the presently used multi-layer systems could be reduced to only a 
one-layer systems which leads to substantial material savings. The reduced temperature 
fluctuations the membrane material is supposed to during the day may influence the materials 
aging behaviour in a positive manner which will lead to a longer service life. A unique feature of 
the newly-developed membrane materials is the change in their light transmission properties as a 
result of temperature changes, which might be especially interesting for architectural applications. 
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Figure 1 : Temperature development inside the model building 
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